Aims This study assessed the association between attentional function and postural instability in older Japanese patients with diabetes. Methods This cross-sectional study included 168 older patients with diabetes who were referred to an outpatient diabetic clinic between June and July 2013. The Trail Making Test-A (TMT-A) was used to evaluate attentional function. Posturography was used to evaluate postural sway. Indices of postural sway were the total length and the enveloped area. Analysis of covariance was used to estimate the multivariable-adjusted means of indices of postural sway according to tertile of TMT-A. Results After adjustment for age, sex, regular exercise, diabetic retinopathy, bilateral numbness and/or paresthesia in the feet, hemoglobin A1c level, quadriceps strength, and Mini-Mental State Examination score, patients with lower attentional function had higher postural sway length (tertile 3 vs. tertile 1, p = 0.010) and enveloped area (tertile 3 vs. tertile 1, p = 0.030) levels than those with higher attentional function. Conclusions Among older patients with diabetes who did not have dementia, patients with lower attentional function may have more postural instability than those with higher attentional function.
Introduction
One of the major health problems among older people is falls, and unintentional falls are the leading cause of injuryrelated hospitalization and death [1] . Recently, it has been reported that older patients with diabetes are at increased risk of an injurious fall requiring hospitalization [2] . Previous studies have found that poor static balance is a major risk factor for falls among older patients with diabetes [2, 3] . Therefore, it is important to prevent postural instability of older patients with diabetes to prevent future falls.
Cognitive impairment is also a major health problem among older people. In older patients with diabetes, it is noteworthy that diabetes is a risk factor for cognitive impairment [4] . In particular, diabetes is frequently associated with deterioration of attentional function [5, 6] . Recent prospective studies have shown that deterioration of attentional function is associated with risk of falling among community-living older people [7, 8] . For prevention of future falls, it is important to determine whether attentional function is associated with postural instability in older patients with diabetes. To date, however, few studies have investigated this association [9] . The present study therefore aimed to assess the association between attentional function and postural instability in older Japanese patients with diabetes.
Materials and methods

Study participants
This cross-sectional study included 239 older patients with diabetes who were referred to an outpatient diabetic clinic between June and July 2013 at Shiga University of Medical Science Hospital (Otsu, Japan). Patients with dementia were excluded. Two hundred twenty-one outpatients (92.5 %) agreed to participate in the survey. We excluded 38 patients based on the following criteria: stroke, joint disease of the leg, spinal disease, leg fracture within the preceding 3 years, or use of a stick or wheelchair. We excluded a further 15 patients with missing data. A total of 168 patients, aged 60-87 years, were included in the analysis.
Procedures
The full details of this study have been described previously [10] . Attentional function was assessed using the Trail Making Test-A (TMT-A) [11] . The TMT-A was administered according to the guidelines presented by Spreen and Strauss [11] . The TMT-A requires a patient to connect 25 encircled numbers randomly arranged on a sheet of paper in ascending order as rapidly as possible (Fig. 1) . Time to complete the test was recorded. The time of the test was counted in seconds, and we assessed that a longer time means lower attentional function [11] .
General cognitive function was assessed using the MiniMental State Examination (MMSE) [12] . MMSE is a measure of global cognitive function consisting of 11 questions. In the study, a total score out of 30 was used.
The posturography test was used to evaluate postural sway in patients. We used a Gravicorder GP-5000 (Anima Co., Ltd., Tokyo, Japan) ( Supplementary Fig. 1 ) consisting of an equilateral triangular footplate. Patients were instructed to maintain a static upright posture on the footplate with their feet together and eyes open ( Supplementary  Fig. 2 ). They were also instructed to focus on a small red circle that was 1.5 m away from where they were standing in a quiet, well-lit room. Recording time was 30 s, beginning after the posture of patients had stabilized. A statokinesigram (sway path of the center of pressure) was obtained from each patient (Supplementary Fig. 3 ). Indices of postural sway were the length (total length in cm, determined from the statokinesigram of the center of pressure movement over 30 s) and the enveloped area (overall sway area in cm 2 , enveloped by the outermost perimeter of the statokinesigram as traced by the movement of the center of pressure over 30 s).
Quadriceps strength was measured by isometric contraction of the knee extensors with a handheld dynamometer (lTas F-1; Anima Co., Ltd.). The higher value of the two measurements in both legs was used as maximum muscle strength. Demographic characteristics, health-related status, presence or absence of bilateral numbness and/or paresthesia in the feet (which have been described previously [10] ), and medical history were obtained using a self-administered questionnaire. The patients were weighed while wearing light clothing, and height was measured without shoes. Blood pressure was measured using an automatic sphygmomanometer. Information on glycemic control and treatment was collected by a review of recent medical records. Hemoglobin (Hb) A1c was estimated as a National Glycohemoglobin Standardization Program equivalent value and calculated using the formula HbA1c (%) = 1.02 9 HbA1c (Japan Diabetes Society, %) ? 0.25 % [13] .
Statistical analysis
Participants in the study were classified into three groups according to tertile of TMT-A: tertile 1, those with higher attentional function (18-34 s); tertile 2 (35-49 s); tertile 3, those with lower attentional function (50-149 s). Differences in characteristics among the three groups were determined by analysis of covariance (ANCOVA) for age with adjustments for sex, an ANCOVA for continuous data with adjustments for age and sex, and a v 2 test for dichotomous data.
ANCOVA with Bonferroni adjustment for multiple comparisons was used to estimate the multivariable-adjusted means and 95 % confidence intervals (CIs) of indices of postural sway among the three groups. Data were adjusted for age, sex, regular exercise (presence or absence), diabetic retinopathy (presence or absence), bilateral numbness and/or paresthesia in the feet (presence or absence), HbA1c level, quadriceps strength, and MMSE score. In addition, patients were stratified into the following MMSE categories: C28 and B27. We also conducted ANCOVA with Bonferroni adjustment for multiple comparisons.
All data were analyzed using SPSS version 21.0 J (IBM SPSS Japan Inc., Tokyo, Japan). All reported p values were two-tailed; p \ 0.05 was considered statistically significant.
Results
The mean age of the 168 patients was 71.2 years, and mean TMT-A was 47.4 s. Table 1 summarizes the characteristics of 168 patients according to the tertile of TMT-A. Patients with lower attentional function (tertile 3) were older in the three groups (p \ 0.001). They were more likely to be TMT-A is shown as mean ± standard deviation. Continuous, normally distributed data were analyzed by analysis of covariance with adjustments for age and sex, and they are shown as age-and sex-adjusted means (95 % confidence intervals). Dichotomous data were analyzed by v 2 test and are shown as number of patients (%)
TMT trail making test, HDL high-density lipoprotein, HbA1c hemoglobin A1c, eGFR estimated glomerular filtration rate Association between attentional function and postural instability in Japanese older patients… 85 patients with insulin treatment (p = 0.079), those having lower MMSE scores (p = 0.075), and those with a history of falls (p = 0.087). Figure 2 shows multivariable-adjusted means of length and enveloped area levels in the posturography test according to tertile of TMT-A. After adjustment for confounding factors, patients with lower attentional function had higher postural sway length (tertile 3 vs. tertile 1, p = 0.010) and enveloped area (tertile 3 vs. tertile 1, p = 0.030) levels than those with higher attentional function. We observed similar results in patients with MMSE score C28 (mean 29.5), and the tendency of results did not change in patients with MMSE score B27 (mean 26.0) (Fig. 3) . Although the statistical power decreased because of small sample size, the tendency of these results did not change by sex-specific analysis. Additionally, we observed similar results when we analyzed 99 patients aged C70 years ( Supplementary Fig. 4 ).
Discussion
The main findings of the present study indicated that after adjustment for confounding factors, among older patients with diabetes who did not have dementia, patients with lower attentional function had higher postural sway length and enveloped area levels than those with higher attentional function. It has been reported that physical function, such as muscle strength, and regular exercise are associated with postural instability [14, 15] . In the present study, attentional function, which was evaluated by the TMT-A, was associated with postural instability after adjustment for these factors. Therefore, not only physical function but also attentional function may be associated with postural instability among older patients with diabetes.
Patients in the study who had lower attentional function had higher postural sway length and enveloped area levels in those with MMSE score C28 (i.e., patients with normal cognitive function). Even if cognitive function is normal, it is necessary to be careful about the deterioration of attentional function for prevention of postural instability among older patients with diabetes.
In the present study, patients with insulin treatment had significantly lower attentional function than those without insulin treatment [age-and sex-adjusted mean TMT-A (second); 53.5 vs. 44.6, p = 0.010) (data not shown). Additionally, patients with HbA1c levels C7.0 % were more likely to have lower attentional function than those with HbA1c levels \7.0 % [age-and sex-adjusted mean TMT-A (second); 50.3 vs. 44.9, p = 0.183] (data not shown). Patients using insulin or patients with poor glycemic control may have lower attentional function. It has been reported that deterioration of attentional function recovers with improvement of glucose control for 2 weeks [6] . Therefore, medical workers need to intervene to recover attentional function that has deteriorated.
The mechanism for the increased postural instability of patients with lower attentional function is unclear. However, it has been reported that attention is involved in the processing of sensory information [16] . Normal postural control requires the integration of visual, somatosensory, and vestibular inputs as well as the adaptation of these inputs to changes in task and environmental context [17] . Deterioration of attentional function may be associated with postural instability through processing of sensory information.
There were several limitations to the present study. First, the cross-sectional design cannot prove causality. Therefore, further investigation in a prospective study is necessary. Second, the subjects were limited to the patients of one university hospital. Third, the sample size was low. Hence, further investigation with a larger sample size is necessary to confirm these results. Fourth, we did not evaluate whether symptoms of bilateral numbness and paresthesia in the feet were due to diabetic peripheral neuropathy. Finally, attentional function of patients was evaluated by one kind of test. Additionally, it has been reported that executive function is associated with falls in older adults [7] . Executive function can be assessed with TMT-B. Unfortunately, we did not assess executive function by the TMT-B. Hence, a further investigation that assesses the executive function is necessary to confirm our results.
In conclusion, attentional function as evaluated by TMT-A was associated with postural instability among older Japanese patients with diabetes who do not have dementia. Increased postural instability is a burden for older patients with diabetes and their families because it is a major risk factor for falls. Therefore, it is thought that early intervention for physical and attentional function is important.
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